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Abstract  
Since the relationship between supply and demand of fossil fuels is on edge in the long run, the contradiction between economic 
construction and limited resources will hinder the sustainable development of Chinese society. This paper aims to analyze the 
input of fossil fuels in China during 2000-2007 via material flow analysis (MFA) that takes hidden flows into account. With the 
coal, oil and natural gas quantified by MFA, three indexes, total material requirement, resource consumption intensity and 
resource productivity, are proposed to reflect the interaction about population, GDP and fossil fuels. The results indicated that in 
the past 8 years, China’s requirement for fossil fuels has been increasing continuously because of the growing mine productivity 
in domestic areas, which also leads to single energy consumption structure as well as excessive dependence on domestic 
exploitation. It is suggested to enhance the utilization efficiency, recycle the materials, and develop new energy resource as well 
as strengthen international cooperation and increase the import fossil energy to promote the mode of fossil fuels consumption and 
create lower carbon economy in China. Finally, according to the correlation-analysis, the increasing GDP is found to be based on 
material requirement associated with excessive resource exploitation, although it improves the resource productivity. 
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1. Introduction 
Materials Flows Analysis (MFA), quantified by material weight instead of by currency, is built on the theories of 
industrial metabolism and social metabolism to pursue the translation path from nature to human ecosystem as well 
as the final regressive sinks [1]. The basic standpoint of MFA is environmental effects which brought about via social 
economic behaviors are mainly dependent on the quantity and quality of natural resources and materials devoted in 
eco-system, and the wastes translated from consumption department back to environment.  
MFA is viewed as a significant measure to study the metabolism of material and resources. Ayres and Kneese 
firstly proposed MFA based on national-scale in 1969 [2]. During 1970s-1980s, the perfection of material balance 
and industrial metabolism theories laid a solid foundation for application of MFA in the whole ecosystem. Austria, 
Japan and Germany took the lead in calculating substance and natural resources in domestic economic scope in 
1990s [3], subsequently, developed countries such as Netherlands, America, Australia had finished their MFA in 
national boundary[1, 4]. In 2001, EU Statistics Department published a handbook about MFA research technique 
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applied to ecosystem for the first time in the world [5], which enormously impulse the promotion of MFA in 
economic field. Muñoz J and Hubacek pointed in 2006 that that economic growth was the major source of material 
changes [6].Chen proposed in his study in 2007 that the driving force of the social-economic-ecological complex 
system is the resource, which poses unparalleled challenges on each level of the society. The quantity and quality 
scarcities of the diverse resources require an efficient, effective and interdependent utilization based on overall and 
unified accounting [7]. Recent years, China has also done necessary study in MFA and gained achievements in 
scientific research of the relationship between total material input and consumption in the national base [8-10].  
In the early 1990s, Ernstvon Weizsaechker proposed ecological rucksacks, which commonly accepted as hidden 
flows afterward [11]. This concept refers to the wastes inevitably produced in the process of resource exploitation, 
though it is not devoted into social production and without creating commercial value, it will exert a huge influence 
on natural and social environment. In view of this, MFA is modified in a further level, and becoming an effective 
tool in measuring the balance between resource depletion and social development [12]. 
In this study, following MFA’s method, it was applied to the Chinese fossil fuels as a research case with certain 
modifications of hidden flows, which is considered as the more exact mode in accounting resource consumption. 
The results can make acceptable suggestions not only in transferring materialized into dematerialized consumption 
pattern, but also in building a low-carbon economy and coping with global warming. 
2. Methodology and data used 
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Table 1 Population and GDP information of China during 2000-2007 
Year Total population(104) Gross domestic product(̞108) 
2000 126743 99215 
2001 127627 109655 
2002 128453 120333 
2003 129227 135823 
2004 129988 159878 
2005 130756 183085 
2006 131448 210871 
2007 132129 249530 
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Currently, a systemic MFA frame based on national or regional ecosystem has been initially established all over 
the world, which has been comprehensively applied in occident countries. The input stream of fossil fuels was 
divided into two parts, direct input flows and hidden flows, and the study boundary was confined into domestic 
ecosystem. The input fossil fuels which come from home production and abroad import contain raw coal, oil and 
natural gas, not include secondary energy input. Usually output stream of fossil fuels refers to direct output and 
contaminated discharge. Due to different burning efficiency and regional variation in technologies, it is inaccurate to 
calculate direct output in the end of MFA. To express the end-result of the fossil fuels in the whole process of 
material flow, this paper chose three indexes, total material requirement, resource consumption intensity and 
resource productivity by considering population, GDP and total energy input, to evaluate the influences of resource 
consumption in the fields of society, economy as well as environment. 
All the data sources are acquired from publications, such as Energy Statistical Yearbooks of different years. In 
order to seek unity of economic value and avoid inflation or deflation in different times, we defined the year of 2000 
as a base year, in which year the price was chosen as constant price, therefore, pure monetary value in all the other 
years should be converted into standard value of 2000. 
Moreover, Wuppertal evaluated the average ratio of global hidden flow, the results showed that crude oil was 
1:1.22 and natural gas was 1:1.66 [13], raw coal was 1:2.36 [14] in view of bastard coal which most coal in China 
belongs to. According to these rate, the amount of practical exploitation should be different kinds of fossil fuels’ 
output products its corresponding hidden flow rate. All the calculated results are showed as follow: 
Table 2 Exploitation and import of coal, oil and natural gas in China during 2000-2007 
Unit: 10000 tons of standard coal 
Year Coal Oil Natural gas 
Yield Exploitation Import Yield Exploitation Import Yield Exploitation Import 
2000 129921.0 306613.56 217.9 16,300.0 19886.00 9748.5 272.0 451.52 0 
2001 138152.0 326038.72 266.0 16,395.9 20003.00 9118.2 303.3 503.48 0 
2002 145456.0 343276.16 1125.7 16,700.0 20374.00 10269.3 326.6 542.16 0 
2003 172200.0 406392 1109.8 16,960.0 20691.20 13189.6 350.2 581.25 0 
2004 199232.4 470188.46 1861.4 17,587.3 21456.51 17291.3 414.6 688.24 0 
2005 220472.9 520316.04 2617.1 18,135.3 22125.07 17163.2 493.2 818.71 0 
2006 237300.0 560028 3810.5 18,476.6 22541.45 19453.0 585.5 971.93 9.5 
2007 252597.4 596129.86 5101.6 19453.0 22730.80 21139.4 692.4 1149.38 40.2 
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3. Results and discussion 
Total material requirement (TMR) is of paramount importance for national or regional sustainability. A large 
amount of TMR means more resources will be depleted, more wastes will be produced and more environmental 
deteriorations will happen, if TMR is low, the circumstances faced by China would be much better. The index called 
resource consumption intensity, which is equal to TMR divided by total population, can reflect the personal access 
to fossil resource in China. Resource productivity, another indicator, can tell the transfer ability from row material 
into monetary value, usually it represents the efficiency of resource consumption. The statistics of both two which 
calculated from 2000 to 2007 are showed in the following table (RMB exchange rate against the U.S. dollar was 
8.26 according to that in 2000, so that we can compare this quota after conversion with different countries in a 
unified standard): 
Table 3 Total material requirement, resource consumption intensity and resource productivity of China during 2000-2007 
Year TMR Population Resource consumption 
intensity 
GDP Resource productivity 
 (104t) (104) (t/person) ($108) ($/t) 
2000 336917.48 126743 2.66 12011.50 356.51 
2001 355929.40 127627 2.79 13275.42 372.98 
2002 375587.32 128453 2.92 14568.16 387.88 
2003 441963.85 129227 3.42 16443.46 372.05 
2004 511485.91 129988 3.93 19355.69 378.42 
2005 563040.12 130756 4.31 22165.25 393.67 
2006 606814.38 131448 4.62 25529.18 420.71 
2007 646291.24 132129 4.89 30209.44 467.43 
3.1 Diversification of TMR 
 
Fig.1 Production and importation of fossil fuels in China during 2000-2007 
From 2000-2007, TMR of fossil fuels was increasing obviously with 1.87 times in 2007 than that in 2000. 
Considering three kinds of fuels, coal yield was the main growth factor, which indicated that the energy structure in 
China was mainly based on raw coal as the dominant sector. Moreover, coal domestic production had increased to 
93.39% in the share of total fossil energy. This situation reflected that the utilization of energy in China was nearly 
empty of international import and collaborate exploitation, therefore, it was not conducive for a further balance 
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between supply and demand in the long run for China’s sustainable construction, though there was relative abundant 
reserves of natural resource. Generally compared with the input quantities of coal, oil and natural gas in the 
ecosystem during 2000-2007, the absolute home yield and overseas import of oil had a marginally increasing trend, 
while its proportions structure had a obviously decrease, from 10.54% in 2000 down to 6.42% in 2007. On average, 
the requirement of oil in occident countries account for 35% [11] of the total energy, that means we have a long way 
to amend the energy consumption structure, especially adding new energy into consideration, such as wind power, 
bioenergy, tidal energy and so on. Oil supply in China will not be sufficient forever, an urgent support policy is 
needed to encourage powerful companies and organizations to blend in international arena and exploit high quality 
resource. Furthermore, domestic natural gas yield as well as the import proportion was enlarging, which indicated a 
good transition in enriching energy diversity and equitability, but with a too slight step. Therefore, we still have an 
adequate space to optimize the energy allocation so as to change the irrational existing state of fossil fuels 
consumption. 
3.2 Diversification of resource consumption intensity 
Resource consumption intensity is an indicator that can reveal the level of per capita resource. The table 3 
indicates that resource consumption intensity was 1.8 times in 2007 than that in 2000, which implied a great demand 
beyond necessaries had become life pursue after China entering into affluent society. The enormous requirements for 
private car, energy-consumption electronic products made life quality improve deeply on the one hand, and on the 
other hand extremely aggravated fossil resources depletion. The only solution to avoid energy crisis, especially for 
non-renewable energy, is to elevate utilization efficiency and attempt new renewable energy. In addition, China is 
the most populous developing country, its contradiction between large energy-needed population and low per capita 
energy possession is always restricting the whole national development in social and economic fields. 
3.3 Diversification of resource productivity 
Table 4 Statistics of resource productivity in western countries during recent years 
Unit: USD/TON 
Country 1975 1980 1985 1990 1995 1996 
Austria 649.9 887.8 620.3 1197.9 1415.7 1362.2 
Germany 649.8 984.6 751.6 1451.6 1296.6 1313.9 
Japan 472.1 700.6 852.8 1410.2 2543.3 2255.7 
Netherlands 460.5 670.9 437.1 884.2 1018 949.1 
Great Britain 1487.01 1714.01 1012 1517.1 1482.2 1513.2 
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Resource productivity, an economic value produced by unit natural substance, is a key indicator in measuring the 
inter connection between natural resource and social economy. Table 4 clearly illuminates that an obvious disparity 
is existing in resource productivity compared with the major energy-saving country. The level of resource 
productivity in China in 2007 was merely equivalent to that of Japan in 1975, and in 1996, Austria, Germany and 
Great Britain had already owned this index 3 times than the plane of China in 2007. The bog standard of resource 
productivity in China means not only a colossal waste of fossil fuels in production and consumption process, but 
also severe environmental pollution resulted in a great deal of pollutants and wastes in all processes by using natural 
resource. The evident gap between China and other developed countries in creating economic value per unit fossil 
resource reflected low efficiency in energy input-output course. It is well accepted that economic development based 
on extensive resource depletion is not the intrinsic pursue of sustainable developing pattern, and it is needed to 
consummate resource recovery system as soon as possible, promote using energy saving products in public and 
participate in international cooperation that can develop bilateral, multilateral as well as regional collaboration in the 
field of new energy using and low-carbon technology [15]. Another step, to solve the inefficiency in resource 
productivity, is to change the approach of using fossil fuels into a closed material cycle mode [16] and enhance the 
GDP value created by per unit energy expending. 
3.4 Comprehensive analysis about different indexes 
 
Fig.2 A comprehensive comparison among GDP and TMR as well as Resource consumption intensity and resource productivity of fossil fuels 
in China during 2000-2007 
The variation trends of GDP and TMR as well as resource consumption intensity and resource productivity are 
illustrated in Fig.2, from which the two indexes, TMR and resource consumption intensity, had the same tendency 
with GDP. They all had an identical feature that the year 2002 was an accelerated turning point, and the indicators 
conformed to economic situation due to following reasons. The year 2001 was an important period for China, 
because of its entering into WTO and winning the bid for Olympic, both two events increased the confidence of 
investors and consumers. Consequently, some high energy-consuming industries such as metallurgy, construction 
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and chemical had expanded rapidly, which pushed forward a large demand of fossil fuels and electric power based 
on coal, therefore economy stimulation had become an inexorable trend. As a result, three kinds of fossil fuels that 
count for much in national economy, consumed more than the former years. Otherwise, the international economy 
improved markedly in 2002, individual cost increased evidently, price of oil raised clearly, domestic demanding 
enlarged extraordinary and resource supply became tensely, besides, global primary economic entities adopted 
expanding financial policy as well as monetary policy. All the above conditions pushed on global economic 
restructuring, and created a rational external circumstance for China’s economic growth and energy expending. 
However, the resource productivity fluctuated slightly around a relatively stable level, lagging behind the rising of 
other indexes during 2002-2005. The acceptable reason was economic development based on extensive form of 
resource depilation more than on intensive form of efficiency increasing, especially ignored the technical innovation 
and efficiency intensive in the enlarging process of high energy-consumption industries. Furthermore, due to long 
periods of the construction for energy establishments, the positive effects could not visualize immediately since its 
large scale building in 2003.Generally speaking, economy in China operated well, but the extensive increasing mode 
could not convert at once, with resource productivity impossibly boosted in a short time. However, infrastructures 
on fossil energy that being or having been built will certainly carry weight in both economic development and 
resource consumption. 
Since 2000, GDP has increased at an average rate of 8%, but TMR and resource consumption intensity constantly 
accelerated from 2002. In the light of resource productivity calculation formula, it was certain to make a turning 
point in 2002. In the following years, especially after the eleventh five-year plan unveiled in 2005, the target of 
saving energy and reducing emissions lead a innovation that industrial sectors and enterprises reduced resource 
consumption intensity by ameliorating producing conditions and technological levels, increasing utilization ratio and 
economic efficiency per unit energy, cutting down the energy dissipation and end-discharge of wastes. These were 
the direct reasons for increasing trend of resource productivity after 2005. 
Correlation coefficient is a significant quota in reflecting correlativity of different variables. The results in 
corresponding years are selected as inspection samples, two couples of variables are GDP-resource productivity and 
GDP-resource consumption intensity. The results are r GDP-resource productivity =0.978 and r GDP-resource 
consumption intensity=0.923, both of which indicated they were highly positive correlated. Once GDP is increasing, 
the other two indexes must vary in the same tendency. Nevertheless, if the accelerate rate of resource consumption is 
higher than that of resource productivity, there is no doubt that exhaustion time of domestic fossil fuels will be much 
shorter. 
4. Conclusion and prospects 
This paper analyzes the input of fossil fuels in China during 2000-2007 and indicators of MFA, as well as 
comparison with other countries, mainly conclusions are as follow: 
Generally speaking, the demand structure of coal, oil and natural gas during past 8 years did not change 
significantly. Though the expansion of gas domestic output and import quotation provided a new perspective, more 
efforts are needed to intensify energy structure reforms. Furthermore, the unchanged conditions may be related to 
the existing exploitation patterns, history of coal mining and technical problems in development of pelagic natural 
gas, which are primarily reasons for univocal energy current situation. Whereas, the future structure of energy utility 
will move forward to a rational and sustainable direction as long as providing technical progress, sufficient facilities, 
financing of safeguards and national supporting policies. 
MFA accounting system calculates environmental pressure produced by resource depletion. Its standpoint is 
payments for import only cover the economic costs without environmental costs as well as hidden flows value in the 
process of energy production. By this token, one country can pass over the environmental cost by importing so as to 
cut down domestic natural risk. From this point of view, it is necessary to shift energy strategy from export-oriented 
to import-oriented, elevate the export price by considering environment expense and enlarge import proportion, 
from which home resource and environment can be protected in a qualified sense. Nevertheless, it is myopia for 
particular developing period in certain regions, but not beneficial for universal sustainable utility of resource. 
Natural wealth belongs to human beings, without boundary of different nations and territories. 
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Turning point of resource productivity appeared in 2002, and increased dramatically after 2005, both phenomena 
are decided by international economic situations and home production levels. The former is due to good circulations 
of world economy and China’s entering into WTO, which lead to substantial materials input but lack of efficiency 
advancements. The latter is owing to policy steering of the eleventh five-year plan unveiled in 2005, driving the 
movement of technical improvement, renewable energy development, wastes recycling and multilevel using. But we 
have to admit that China still has a great distance to pursue in resource productivity compared with countries like 
Japan and Germany. 
The transformation of GDP has necessary connection with resource consumption intensity and resource 
production. To accomplish the target of energy saving and emission reducing, and also to keep to the path of 
sustainable development, it is necessary to rely on domestic research and developments as well as global 
introductions of advanced technology in enhancing efficiency and reduced consumption for internal upswing. 
Apparently, material and energy streams dependent with each other in different manner, so simplex material flow 
analysis is not much comprehensive in identifying energy consumption in environmental economic system. Next we 
should combine material and energy analysis to understand social metabolism of fossil fuels in a more all-sided 
angle. At the same time, the indexes and their variation trends provide reasonable explanations for future policies 
draft in energy-saving and emission-reducing by construing recent 8 years’ resource consumption and production 
efficiency. 
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